abnormality of the small bowel wall (Donaldson and Holt, 1963) , but more often it is found as a complication of one of a wide variety of intestinal diseases (Dawson, Williams, and Williams, 1961; O'Meallie, 1963) . Although patients with idiopathic hypoproteinaemia and PLE may have no overt evidence of intestinal disease, it has recently been shown that many of them have a structural abnormality of the small bowel wall, most easily demonstrated by electron microscopy. This is characterized chiefly by dilatation of small lymphatics and has been termed intestinal lymphangiectasis (Waldmann, Steinfeld, Dutcher, Davidson, and Gordon, 1961) .
In 1953, Bound and Hackett published a detailed study of a case of neonatal hypoproteinaemia with oedema. We have recently had the opportunity of re-investigating their patient in the light of the advances just briefly recounted, and also of studying for the first time another sib from the same family. Both the patient and his symptom-free sister have been found to have PLE. The PVP studies were carried out by the method of Dawson et al. (1961) , in which paper our propositus appeared as Case 16.
Case Reports The Family. The parents are unrelated, and neither they nor any of their relatives have shown any features of the disease which has affected 3 of their 5 children (see Fig. 1 and Table I ).
The available data in the first sib (Case 1), and a detailed account of the early history of the fourth sib (Case 2), are given in the paper of Bound and Hackett (1953) , and will only be briefly recapitulated here. Case 1. R.B., a girl born in June 1944, had swelling of both feet at birth. She rapidly developed generalized anasarca, and had repeated severe infections culminating in a staphylococcal septicaemia from which she died at the age of 6 months. The total serum protein shortly before death was 3-4 g./100 ml.
Case 2. D.B., a boy born in August 1950, had swelling of both feet at birth. He was admitted to hospital at the age of 1 month with generalized oedema 54 Total protein (g./100 ml.) (1952) 7-6 6-8 6-7 6-4
Total protein (g.Il1O ml.) (1962) 6-9 6-4 7 0 6-9
Electrophoretic strip (1962) ..
. .
Normal
Normal Normal Normal and ascites. The serum albumin was 2-5 g./100 ml., and globulin 1 -5 g./100 ml. Dietary, renal, and hepatic causes of hypoproteinaemia were excluded. There was also a moderate aminoaciduria with a high serum at-amino nitrogen. The patient had a good diuresis after intravenous plasma, but the effect was only temporary. A series of staphylococcal infections occurred including an abscess at the site of the intravenous infusion, purulent arthritis of the right knee, and osteomyelitis of the right humerus, left tibia, and both femora. Although the serum y-globulin was only 0-1 g./100 ml., the infections were ultimately overcome by appropriate antibiotic therapy. With each bout of infection, both the oedema and the aminoaciduria increased, though there was no unequivocal relationship with changes in the serum proteins. At 6 months he was weaned to a cerealcontaining diet. By 21 months there had been a gradual progressive improvement with only slight residual oedema of the feet; the aminoaciduria had disappeared. Serum electrophoresis was first done at this time and confirmed the low albumin and almost total absence of y-globulin. The total serum protein was 3 -6 g./100 ml. The published case record stopped at this point, but follow-up continued at the same hospital. In January 1954, y-globulin was detected by electrophoresis for the first time. In July 1954, the patient was well, with serum albumin 3 -2 g./100 ml. and globulin 3 -6 g./100 ml. In July 1957, he was still well and free of oedema, and had been so except for occasional very slight ankle oedema for over five years; the serum albumin was 3 -2 g./100 ml. and globulin 2 -7 g./100 ml. In October 1960, he noticed headache, tiredness, nausea, and vomiting. After one week, swelling of the feet and abdomen rapidly developed, and he was admitted to King Edward VII Hospital, Windsor. He had oedema of both legs, ascites, and bilateral basal crepitations, with a blood pressure of 105/60 mm. Hg. Investigations showed serum albumin 2-5 g./100 ml., globulin 1-0 g./100 ml., electrophoretic strip-low albumin and y-globulin, urea 15 mg./100 ml., bilirubin 0-2 mg./100 ml., and thymol turbidity 1 unit. Initially the patient continued to have slight nausea, and occasional epigastric discomfort, but these symptoms soon abated. The oedema and ascites began to diminish about a week after admission and within a further three weeks had disappeared entirely. An attempt to obtain further ascitic fluid for more detailed analysis was unsuccessful. This resolution of the oedema was not accompanied by any significant change in total serum protein concentration, judged by serial measurement of specific gravity, which fluctuated between 1018 and 1022. Since the apparent specific gravity (and hence the total protein concentration) can be increased by venous occlusion, and venepuncture was very difficult in this patient, small changes in these measurements have little significance. A further fat balance now showed faecal fat 13-6 g./day with absorption 850%. The intestinal biopsy appearance was not typical of coeliac disease, but in view of the villous atrophy, the steatorrhoea, and the glossitis and stomatitis, it was decided to observe the effect of a gluten-free diet which was begun on January 15, 1961. The patient was seen at regular intervals for the next year. He remained completely free of oedema and continued to grow along the same percentile lines for both height and weight. In May 1961, he had a recurrence of nausea, anorexia, vomiting, and abdominal pain for a few days, but did not develop oedema. Apart from this he remained completely symptom free. The total serum protein varied between 5-7 and 6-3 g./ml., and plasma specific gravity varied between 1021 and 1023; both of these measurements were higher than at the height of the oedema and ascites.
In order to investigate more closely the effect of the gluten-free diet the patient was admitted to the Metabolic Ward on January 28, 1962. He was symptom free and there were no abnormal physical signs; with height 4 ft. 9j in. (145 cm.) (just below 50th percentile) and weight 37*8 kg. (above 50th percentile). The total serum protein was now 5-5 g./100 ml., with plasma specific gravity 1024. A further specimen taken without venous occlusion was also examined, with results of 5 3 g./100 ml. and 1023, respectively. Electrophoresis showed a slight reduction in albumin and y-globulin. The critical investigations were repeated and the results are summarized in Table II . They demonstrated the remarkable findings that the increased permeability and the steatorrhoea had disappeared, and the barium meal (Fig. 4) had returned to normal, though the biopsy appearances ( Fig. 5a and b) were unchanged. The histological preparations were technically more satisfactory and Dr. Shiner felt even more confident that the appearances were not those of coeliac disease. Results of other investigations were: sodium 141, potassium 4-2 mEq/litre, urea 19 mg./100 ml., haemoglobin 14 * 9 g./ml., calcium 9 * 0 mg./100 ml., phosphorus 4-8 mg./100 ml., and alkaline phosphatase 15 KingArmstrong units; duodenal juice obtained at the time of intestinal biopsy had a pH of 7 0 and normal tryptic activity.
To determine whether the remarkable improvement was a consequence of the gluten-free diet, it was decided to reintroduce gluten into the diet under balance control. After a 5-day period of equilibration on a constant (gluten-free) diet, urine (in 3-day periods) and stools (in 6-day periods) were collected and analysed for calcium, phosphorus, and nitrogen, and stools also for fat. The results are shown in Fig. 6 . The patient was in positive balance for calcium, phosphorus, and nitrogen to a degree consistent with normal growth. The faecal nitrogen excretion was slightly increased, but otherwise the results were normal. After two 6-day periods, pure gluten 5 g. four times daily was given by mouth. This produced no clinical effect, and no change in any of the balances; the extra dietary nitrogen in the gluten was almost exactly accounted for by the increase in urine nitrogen excretion. The small rise in faecal fat was not considered significant. By this time, the results of electron microscopy of the intestinal biopsy material had come through, which showed dilated spaces, possibly lymphatic (Fig. 7) , similar to the findings of Waldmann et al. (1961) .
The patient was sent home on a normal diet. He has remained perfectly well, without any symptoms. When last seen (September 1963), his height was 5 ft. 0i in.
(153 cm.) (just below 50th percentile) and weight kg. (just above 50th percentile). The serum proteins were 5 -6 g./100 ml. and plasma s.g. 1023.
Case 3. G.B., a girl born in 1956, had swelling of both feet at birth.
At the age of 1 month, serum albumin was 2-1 g./100 ml. and globulin 1-7 g./100 ml. The oedema rapidly disappeared without treatment, and by 2 months she was quite well. At the age of 2 years, serum albumin was 39 g./lO0 ml. and globulin 1-6 g./100 ml. Since then she has been in every way a normal child. For the past two years, she has had repeated attacks of tonsillitis. She was admitted to the Metabolic Ward at the same time as her brother to establish whether or not she had the same disease. She had no symptoms and there were no abnormal physical signs except for chronically infected tonsils. Her height was 4 ft. 0O in. (122-5 cm.) and weight 24 -3 kg., both on the 90th percentile. The total serum protein was 4 -4 g./100 ml., plasma specific gravity 1020-21, and electrophoresis showed a low albumin and y-globulin. The most important other investigations, shown in Table II , confirmed the leak of macromolecules, of less severity than was found in her brother at the time of his ascites. There was no steatorrhoea, but the abnormal mucosal appearances on barium meal were very similar. Unfortunately, an attempt to obtain a small intestinal biopsy was unsuccessful, and it was not thought justifiable to do this under a general anaesthetic.
Results of other investigations were: sodium 144, potassium 4-5 mEq/litre, urea 20 mg./100 ml., haemoglobin 13-6 g./100 ml., WBC 8,600 with normal differential, sedimentation rate 7 mm./hr., prothrombin concentration 100%; urinary excretion of formiminoglutamic acid after histidine load (Dr. J. P. Knowles) was slightly higher than normal (3 mg./hr., normal 1 mg./ hr.); calcium 8-6 mg./100 ml., phosphorus 4-6 mg./100 ml., and alkaline phosphatase 15 units. We have found published records of 49 cases* in which hypoproteinaemic oedema had begun in childhood. In addition to the seven cases in the three families just cited, the onset was at birth in four other single cases (Levesque, Coffin, Duplay, Dehelly, Brizard, Seboucq, and Renaut, 1953; Dvorak, Kubovy, Zazvorka, and Hons, 1954; Dooren, van Gelderen, and Vink, 1961; and T. A. Waldmann, 1963, personal communication) . This association between onset at birth and positive family history supports the suggestion of Waldmann et al. (1961) that such cases constitute a distinct subgroup in which the abnormality is genetically determined.
The nosological status of most of the cases beginning in later life is obscure. In some the disease is short lived and is followed by complete recovery (Waldmann et al., 1961) . Some of the cases of transient hypoproteinaemia in children in the earlier reports probably likewise had temporary PLE possibly precipitated by an attack of gastro-enteritis. A similar occurrence has been reported in an adult (Jeffries, Holman, and Sleisenger, 1962 Waldmann, 1963, personal communication) . Fluctuation in the severity of the PLE and steatorrhoea despite a constant anatomical abnormality (as was shown in our propositus) has not previously been described, though Donaldson and Holt (1963) illness with eventual death (3 cases). This may be a matter of bias in selection, since very mild cases without a family history are less likely to be investigated. The severity of the disease in infancy is partly dependent on the susceptibility to infection associated with the very low levels of total or yglobulin, which have been found in 5 neonatal cases and 2 others. In later life, the y-globulin level is higher, though still below normal. This is well shown by our propositus who, after almost succumbing to infection, has subsequently been quite normal in this respect. The statement by Jeffries et al. (1962) , that hypo-y-globulinaemia in patients with PLE does not increase susceptibility to infection, was based on analysis of adult cases only and does not apply to infants. Another interesting point is the temporary aminoaciduria which has been found in 3 cases. This could be due to absorption of amino acids derived from breakdown of protein in the gut, in excess of the capacity of the liver to incorporate them in newly synthesized protein. This explanation is supported by the finding of a raised plasma a amino nitrogen, during the first illness of our propositus (Bound and Hackett, 1953) , and in one other patient (Stoelinga, Van Munster, and Slooff, 1963) .
Many patients with PLE also have steatorrhoea. Jarnum (1961) first commented on the frequency of this association which has been described in many different conditions. In some of these there is a recognizable lesion in the small bowel, such as lymphangiectasis (Waldmann et al., 1961) , Crohns disease (Vesin, Troupel, Acar, Bismuth, Renault, and Cattan, 1960a) , granulomatous jejunitis (Holman, Nickel, and Sleisenger, 1959) , jejunal diverticulosis (Dawson et al., 1961) , or the villous atrophy of sprue (Parkins, 1960; Rubini, Sheehy, Meroney, and Louro 1961) . In other cases the small bowel is apparently normal, but there is some predisposing or associated condition such as gastro-enteritis (Jeffries et al., 1962) post-gastrectomy syndrome (Jarnum, 1961) , or carcinoma of the bronchus (Turner and Williams, 1962) . Occasionally PLE and steatorrhoea are found without any other pathological or clinical association (Simpkiss and Sheldon, 1962; Donaldson and Holt, 1963) . In some of these conditions the steatorrhoea is principally due to intestinal malabsorption, but there is no convincing evidence for this in most patients with intestinal lymphangiectasis. One case with a flat glucose tolerance test has been reported (Espiner and Beaven, 1962) , and a low xylose absorption was found in one case of familial neonatal hypoproteinaemia (Cottom et al., 1961) . Malabsorption of vitamin B12 and folic acid has been found in one case by Mistilis, Skyring, and Stephen (1965 (Jeffries et al., 1962; Stoelinga et al., 1963; Mistilis et al., 1965) . Tetany was also noted in 4 fatal cases of idiopathic hypoproteinaemia in childhood (Debre, Royer, Lestradet, and Reiser, 1954; Iversen, 1960) , but unfortunately it is not possible to make a more exact diagnosis in these cases. Rickets has been described in 2 cases of PLE and steatorrhoea in childhood (Young, Levin, Fowler, and Miles, 1959; Stoelinga et al., 1963) , but intestinal biopsy was not performed in either. In all these cases the disturbances of calcium metabolism could have been consequences of steatorrhoea per se, without invoking any abnormality of intestinal transport (Parfitt, 1965) . The most reasonable theory, first put forward by Jarnum (1961) , is that the steatorrhoea is due to exudation of fat from the gut wall at the same site as the exudation of protein (Cottom et al., 1961) . This mechanism is supported by the finding of chylous fluid containing high molecular weight fatty acids in duodenal juice (Stoelinga et al., 1963) and by persistence of steatorrhoea on a fat free diet (Mistilis et al., 1965) . Perhaps the term 'exudative enteropathy' should be retained (or revived) to describe this situation (Parfitt, 1965) . If the site of exudation is localized, resection of diseased bowel may be followed by disappearance of both hypoproteinaemia and steatorrhoea (Holman et al., 1959) . The exudation may be from both surfaces of the gut wall-into the peritoneal cavity as well as into the gut lumen (Jarnum and Petersen, 1961) . The relationship of the exudative process to lymphatic obstruction has been studied in a patient with constrictive pericarditis (Petersen and Hastrup, 1963) ; after cannulation of the thoracic duct, delayed appearance of 131I-labelled oleic acid after oral administration was shown. At necropsy, dilatation of intestinal lymphatics was found: they were regarded as a consequence of chronic venous congestion. In other cases, lymphatic obstruction and dilatation may be a consequence of local inflammatory disease of the bowel (Holman et al., 1959) , whereas in the present family, the lymphatic dilatation is presumably secondary to some congenital abnormality. This abnormality may be confined to the bowel, or may be associated with evidence of lymphatic obstruction in the limbs (Pomerantz and Waldmann, 1963; Mistilis et al., 1965) . Although interest in the intestinal lymphatic system in relation to exudative enteropathy has only recently developed, a lesion remarkably similar to intestinal lymphangiectasis was described many years ago in a patient with postgastrectomy steatorrhoea (Vaux, 1943) .
The findings of villous atrophy in our propositus, an abnormality not described in most patients with lymphangiectasis (Waldmann et al., 1961) , suggested that he might have gluten enteropathy, even though this could not have been the cause of the first episode of oedema which occurred six months before exposure to gluten. Forshaw (1957) described a patient with hypoproteinaemic oedema who was cured by a gluten-free diet, and the same author subsequently noted a similar occurrence after partial gastrectomy (Forshaw, 1958 (Cottom et al., 1961; Young et al., 1959; Simpkiss and Sheldon, 1962; Stoelinga et al., 1963) , and in none was any convincing benefit observed. In one other case, a girl of 14, a gluten-free diet has been followed by remission (Vesin, Troupel, Acar, Renault, Desbuquois, and Cattan, 1960b 
